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(IMTUPAG) , , Turing
, ,
.















(2 ) , $\Sigma$ 2
. $\Sigma$ \Sigma 2+.
( , \Sigma 2+ ).
. (Isometfic Ar-
ray Grammar: $IAG$) , 5 .
$G=(N, T, P, S, \#)$
, $N$ ; $T$
; $N\cap T=\emptyset;P$
$\alphaarrow\beta$ .
, $\alpha$ $\beta$ $N\cup T\cup\{\#\}$ ,
:
1. $\alpha$ $\beta$ , .
2. $\alpha$ 1 .








, $[7, 10]$ .
$G$ : $\Rightarrow G$ ; $G$
$n$ $:\Rightarrow$ ;
$G$
( ): $\Rightarrow G*$ ; . , $\xi\in(N\cup T)^{2+}$
$\#$ 2
$\xi_{\#}$ .
$G$ (2 ) $L(G)$ ,
$C$




21 $G=(N, T, P, S, \#)$ IAG .
$P$ $\alphaarrow\beta$ $\eta\in(N\cup T)^{2+}$
, $\eta\#$ $\beta$
. $\eta_{*}$ $\beta$ 1 $\alpha$




$\eta\Leftrightarrow\xi$ , if $\xi\Rightarrow\eta$








2.2 IAG $G$ $=$ $(N, T, P, S, \#)$
, $P$ , $G$






Turing $(2DTM)$ , 2
,
$M=(Q, \Sigma,r, \delta,a_{0},q_{0},q_{f})$
1. $P$ , $\#$ $S$
1 .
2. $P$ $r_{1},$ $r_{2}$ ,
,
,






2.3 UPAG $G$ $=$ $(N, T, P, S, \#)$
, $P$
$\#$ , $G$
UPAG (Context Sensitive $UPAG$:
CSUPA $G$) .











$\delta:Qx\Gammaarrow Qx\Gamma x\{L,R, U, D\}\cup\{H\}$
.
( $L,$ $R,$ $U,$ $D$ ,






































. , $G$ $x$ $M$
$x$ , $M$











, $(i, 1)(0\leq i\leq h+1)$
.
4. $M$ $a_{0}$ $a_{0}$
.




6. $M$ $x$ , $(h, 1)$
.
, $L(G)=L(M)$ UPAG $G$
.
$G$ $=$ $(N,T, P, S, \#)$ ,




$\ldots$ , $A_{n}\}\cup\{B_{0},$ $B_{1},$ $\ldots,$ $B_{n}\}$
$\cup\{C_{1}, \ldots, C_{n}\}\cup\{D_{1}, \ldots,D_{n}\}$
$\{E_{1}, \ldots,E_{m}\}\cup\{F_{1},\ldots,F_{n}\}$
$\cup Qx\{a_{0},a_{1}, \ldots,a_{n}\}$,
$T$ $=$ $\Sigma$ .
$P$ .
1. $a_{r},$ $a_{s},$ $a_{t},$ $a.,$ $a_{v}\in\Sigma$ ,
$P$ .
$F_{r}\#arrow a_{r}\#$ $a_{r}\#$ $a_{r}\#$
$\#$ $\#$ $F_{\}\#arrow a_{s}\#$
$E_{t}$
$\#$ $\#$ $a_{r}F_{s}B_{t}arrow a_{r}a_{\epsilon}E_{t}$
$E_{r}\#arrow a_{r}\#$ $\#\#\#$ $\#\#\#$
$E_{s}$ $F_{*}$
$P$ .
5. $q;,q_{j}$ $\in Q,$ $a_{r},$ $a_{*}$ $\in\Gamma$ ,
$\delta(q;, a_{r})=(q_{j},a_{s}, R)$ ,




6. $q_{i},$ $q_{j}\in Q,$ $a_{r},$ $a_{*},a_{t}\in\Gamma-\{a_{0}\}$




$a_{r}E_{*}$ $a,$ $E_{s}$ $\#\#$ $\#\#$
$F_{t}B_{*}arrow a_{t}E_{*}$ $E_{r}B_{s}arrow a_{r^{c}}E$,
$E_{v}$ $F_{l}$ $E_{t}$
$\# E_{r}B_{*}arrow\# a_{r}E_{*}$ $\# E_{r}B_{s}arrow\# a_{r}E_{\}$
$\#\#$ $\#\#$ $\# D_{t}$ $\# E_{t}$
$\#$ $arrow$ $\#$
$\#(q_{0},a_{r})$ $\# E_{r}$
7. $q;,q_{j},q_{k}\in Q,$ $a_{r},a_{*}\in\Gamma-\{a_{0}\}$
, $\delta(q_{i},a_{r})=(q_{j},a., U)$ $\delta(q_{j},a_{0})=$




2. $q;,$ $q_{j}\in Q,$ $a_{r},$ $a_{s}$ , at $\in\Gamma$ ,
$\delta(q_{1}, a_{r})=(q_{j}, a_{s},L)$ ,
$(q_{j},a_{t})B_{s}arrow A_{t}(q_{i},a_{r})$
$P$ .
3. $q;,$ $q_{j},$ $q_{k}\in Q,$ $a_{r},$ $a_{s}\in\Gamma-\{a_{0}\}$




4. $q;,$ $q_{j}\in Q,$ $a_{r},$ $a_{*}$ , $at\in\Gamma$ ,
$\delta(q_{j}, a,)=(q_{j},a_{*},R)$ ,
8 $q;,$ $q;\in Q,$ $a_{r},$ $a_{*},a_{t}\in\Gamma-\{a_{0}\}$




9. $q;,q_{j}\in Q,$ $a_{r},a$ . $\in\Gamma-\{a_{0}\}$
, $\delta(q;,a_{r})=(q_{j},a_{s}, D)$ $5(q_{j}, a_{0})=$









S $WB_{\dot{*}}arrow WB_{j}B_{i}$ $SS\#arrow WB;\#$
$C$; $C$; $SVB;arrow VB_{j}B_{i}$
V $arrow C_{j}$ $\#$ $S$
$\#$ $S$
S $S$ $\#arrow VB_{i}\#$ $\#$ $\#$
$\#$ $S$ $S$ $B_{:}arrow C_{j}B$;
$\#$ $S$
$\#\#$ $\#\#$ $\#\#$ $\#\#$
$\#S$ $arrow SB_{i}$ $\#S$ $arrow SB_{i}$
$\#$ $S$ $\#\#$ $\#\#$
$G$ , $M$
. $x\in\Sigma^{2+}$ $G$
, , (1) , $M$ $x$
(instantaneous description)
. , $G$ (2)$-(9)$ 1
, $M$ 1
, $M$
. , (3),(7)$,(9)$ , , ,
2 .
, $M$ , (10)
$x$ $S$ .
, $M$ $x$ ,
$x\# G*S$ , , $S\Rightarrow xG*$ $x$
, $M$
. , $L(M)=L(G)$ .
$G$ , $a$ ;
, ,
$A_{i},$ $B_{i},$ $c_{:},$ $D_{i}$ 4
( 1 ). 4
, UPAG
( , $A$; 1
, (2) (4) ).




) $\mathcal{L}$ (IAG) $=\mathcal{L}(2DTM)$
, $[4, 7]$ .
, $\mathcal{L}^{R}$ (IAG) $=\mathcal{L}^{R}(2DTM)$
. ,UPAG IAG ,
$\mathcal{L}^{R}$ (UPAG) $\subseteq \mathcal{L}^{R}$ (IAG) . ,
3.1 , .
3.1







1. $M$ ( , , )
$a_{0}$ , $a_{0}$
, \nearrow
















1 , (1, i) $(0\leq i\leq$
$h+1)$ . CSUPAG $G$
, 3.1





$G$ CSUPAG , $M$ $x$
( $2DLBA$
), . [10]
3.3 , $S\Rightarrow xG*$ ,
$x$ , 1 $S$
$\#$
. , $x\in L(G)$ $x\in L(M)$
. , $x\in L(M)$ $x\in L(G)$
. $\square$
5. $q_{i},$ $q_{j},$ $q_{k}\in Q,$ $a_{r},$ $a_{*}\in\Gamma-\{a_{0}\}$






























$\delta$ : $Q^{3}x(\Sigma\cup\{*\})arrow Q-\{q_{e}\}$
,
q $m\neq$ \mbox{\boldmath $\sigma$} ,
$q_{0}$ .
( $i$ , ( $i$ ,j)- . $1Jt$




$q_{(i,j)}(t+1)=\delta(q_{(i,j)}(t), q_{(i-1,j)}(t),$ $q_{(i,j-1)}(t),$ $a$ )
. , $\delta$ .
$a\in\Sigma\cup\{*\}$ , $p_{1},p_{2},p_{3}\in Q$
,
1. $5(p_{1},p_{2},p_{3},a)=q_{0}\Leftrightarrow$
$a=$ * $pl=q0$ $p_{2},$ $p_{3}\in$
$\{q_{e},q_{0}\}$ .






$x(\in\Sigma^{2+})$ , $x$ $(i,j)$
$x(i,j),$ $x$ $h(x)$ , $w(x)$
. $2DOTAM$ $x$ , $M$ $(i,j)-$
$x(i,j)$ (
$*$ ),
, ( $h(x)$ , w(x))-
$F$ . (











$x\in\Sigma^{2+}$ , $G$ $x$
$M$ . , $G$ ,
$x$ $M$
1 , $M$




$G$ $=$ $(N, T, P, S, \#)$ ,
$N$ $=$ $\{S\}\cup\{[q_{i}]|q_{i}\in Q-\{q_{\epsilon},q_{0}\}\}$
$\cup\{[\hat{q}:]|q_{i}\in Q-\{q_{e},q_{0}\}\}$ ,
$T$ $=$ $\Sigma$ .
$P$ .
1. $a;\in\Sigma$ , $q_{r}\in Q-\{q_{\epsilon},qo\}$ ,






2. $a_{i},$ $a$ . $\in\Sigma$ , $q_{j},$ $q_{r}\in Q-\{q_{\epsilon}, q_{0}\}$











3. $a;,$ $a_{*}\in\Sigma$ , $q_{k},$ $q_{r}\in Q-\{q_{\epsilon}, qo\}$





. , $L(M)=L(G)$ .







4. $a_{i},$ $a_{*},$ $\in\Sigma,$ $q_{j},$ $q_{k},$ $q_{r}\in Q-\{q_{e}, q_{0}\}$










, UPAG, CSUPAG, MTUAPG
2
, .
1. $\mathcal{L}^{R}$ (UPAG) $=\mathcal{L}^{R}(2DTM)$











5. $a;\in\Sigma,$ $q_{j},$ $q_{k},$ $\in Q-\{q_{e}, qo\}$







, $x*SG*$ , , $S\Rightarrow XG*$
$x$ ,
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